Introduction
There are two major sources for the ion population in Earth's magnetosphere: the solar 28 wind and the ionosphere.
29
Hydrogen, helium and oxygen are the most abundant elements in the solar wind. Ac- The main source of oxygen in the magnetosphere is believed to be the terrestrial iono-38 sphere [Yau et al., 1984; Lockwood et al., 1985; Gloeckler et al., 1985; Chappell et al., 39 1987; Yau and Andre, 1997; Chappell et al., 2000; Cully et al., 2003b; Huddleston et al., 40 2005; Moore and Horwitz , 2007; Kitamura et al., 2010] , where oxygen ions are accelerated 41 upward by electric fields parallel to the background magnetic field and pressure gradients.
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we explain how we process the data and derive the O + /H + ratio. 
Data and instrumentation
The results presented in this study are primarily based on in-situ measurements from instrumentation is given in Escoubet et al. [1997] . In this paper we have used data from 126 the SC4 spacecraft, since this gives the best data return for our purpose.
127
For the period covered by this study Cluster was in a nearly 90
• inclination elliptical 
134
In addition to the in-situ Cluster observations, we also use solar wind magnetic field and 135 plasma data and geomagnetic disturbance indices to check dependencies and correlations.
136
In this study, we use the AE and Dst indices and not the Kp index as e.g. Nosé et al.
137
[ 2009] gion. Furthermore, we limit our study to the near-Earth magnetosphere, i.e. distances
214
−10 R E < X GSE < 10 R E . We also exclude data from radial distances < 6 R E , as the 215 sensors can be affected by pileup effects from both penetrating particles (e.g. during solar 216 proton events) and high count rates.
217
To minimize the effect of skewed distribution, we use median rather than mean values the t-distribution with n degrees of freedom, SE = σ/ √ n is standard error, where σ, the 224 standard deviation, was calculated in this case as: σ = 1.4826 · M AD [Huber , 1981] . at values which are larger than ±3σ. As an exception we extended the range for the Dst 237 from -70 nT to -100 nT, in order to cover the whole range for moderated storms. 
Results
Below, we present and discuss how the O + , H + intensities and O + /H + ratio depend on 239 respective parameters of the solar-terrestrial coupling in more detail. cally. This decrease is reflected by the Dst index.
245
The response of the ion intensities to the changes in the Dst index is shown in Figure   246 X -14 
The dependency is constructed using a linear least squares fit.
We find a weak correlation between proton intensity (both at ∼10 keV and >274 keV) Figure 3 shows the response in H + and O + intensities to these processes. The increase in the AE index is associated with an exponential growth by a factor 4 (from the minimum to the maximum) of the ∼10 keV oxygen intensities. The ∼10 keV protons only show a slight increase with AE index, (maximum value ∼1.5 time higher than the lowest value).
As above, we can now establish an empirical functional relation between O + /H + ratio and AE index for ∼10 keV ions The response of the ion intensities to the changes in IMF direction is shown in Figure   300 4. The IMF direction is represented by the clock angle (CA) defined as the angle between
301
Z GSE and the projection of IMF into the Y Z GSE plane. [Yau et al., 1985; Cully et al., 2003a] .
380
For protons, the intensities of ∼10 keV ions are only slightly different during disturbed and polar protons outflow an increase of the order of 5 was reported by Yau et al. [1985] .
384
The ratio between quiet and disturbed times for the ion ionospheric outflow is higher 385 than those observed in the near-Earth magnetosphere at ∼10 keV but similar to those 386 observed at >274 keV. These appears to be a connection between the energetic ion inten-
Summary
Based on seven years of ion composition data from Cluster observations at radial dis-436 tances -10 R E < X GSE < 10 R E , we find the following:
437
(1 input to the magnetosphere and effective energization of energetic ions.
449
(4) The intensity ratio between quiet and disturbed times for the ionospheric ion outflow 450 is similar to those observed in the near-Earth magnetosphere at >274 keV. Therefore, the 451 observed increase of the energetic ion intensity during disturbed time is not only due to 452 a more effective acceleration but also due to enhanced ion outflow.
453
(5) Our results seem to confirm the conclusion of Moebius et al. respectively (see Table 1 ).
459
The lowest energy channel for oxygen, E 
2. Obtain spectral index γ, in order to cut the part of the E H + 4 , see Figure 7 for illustration. For this we use fluxes from two adjacent energy channels (E
and E
and their effective energies, E ef f , the energy at which the spectrum, A · E −γ ef f , with given A and γ has the differential flux equal J/∆E: keV and determined γ, see Figure 7 :
4. Determine integrated proton intensity, J H + , at energies from 274 up to 962 keV:
· ∆E In order to compare our results with other observations we need to use the energy density ratio. To establish the energy density ratio, we assume that the relative geometric factors are correct for both species:
where
This calculation is based on the assumption that the effective energy is equal to the 477 geometric mean of the corresponding energy thresholds. However, in our case the width of 478 the energetic channel is quite large and this will lead to the deviation of the energy density a Difference between ion intensities at ∼22.5 nT and ∼0 nT (here and further, the mean values of the corresponding bins), namely during magnetospheric compression.
b Difference between ion intensities at ∼0 nT and ∼-22.5 nT, namely between beginning and end of the growth phase.
c Difference between ion intensities at ∼-37.5 nT and ∼-97.5 nT, namely between weak and moderate storms.
d Difference between ion intensities at ∼0 nT and ∼-97.5 nT, namely between quiet and storm time.
e Difference between minimum and maximum ion intensities in Figure 2 .
f This value and corresponding values in the next columns are the thresholds of the ranges.
g "-*x" is decrease in * times and "+*x" is increase in * times. a Quiet (AE<100 nT) and disturbed conditions (AE>300 nT) are based on the AE index.
D R
b Quiet (Dst∼ 0 nT) and disturbed (Dst is between -100 and -30 nT) are determined based on the Dst index.
c Measurements taken from Gloeckler et al. [1985] .
d Measurements taken from Hamilton et al. [1988] . is fitted to a power law, that fit is used to determine the differential flux, j x , in the virtual channel E x . E ef f is the energy at which the spectrum with given A and γ has the differential flux equal J/∆E, where J is the integrated intensity.
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